
(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 0 384 769 B1 



(12) 



EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of tne patent: 
24.04.1996 Bulletin 1996/17 

(21) Application number 90301949.5 

(22) Date of filing 23.02.1990 



(51) mtciA C07D 207/46, C07D 401/12, 
C07D 401/04, C07D 417/12, 
G01N 33/534, A61K 51/00 



(54) Protein labelling 

Markierung von Proteinen 
Marquage de proteines 



CD 
CD 



00 
CO 



LU 



(84) Designated Contracting States: 

AT BE CH DE DK ES FR GB GR IT LI LU NL SB 

(30) Priority 24.02.1989 US 315270 

(43) Date of publication of application: 
29.08.1990 Bulletin 1990/35 

(73) Proprietor: JOHNSON MATTHEY PUBLIC 
LIMITED COMPANY 
London, EC1N 8JP (GB) 

(72) Inventors: 

• Schwartz, David A. 

Exton, Pennsylvania 19341 (US) 

• Abrams, Michael J. 

Glenmore, Pennsylvania 19343 (US) 



• Giandomenico, Christen M. 
Exton, Pennsylvania 19341 (US) 

• Zubieta, Jan A. 

Albany, New York 12202 (US) 

(74) Representative: Wishart, Ian Carmichael et al 
Patents Department 
Johnson Matt hey Technology Centre 
Biounts Court 
Sonning Common 
Reading, Berks RG4 9NH (GB) 



(56) References cited: 
EP-A- 0 247 866 
DE- A- 3 216 026 



EP-A- 0 271 806 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement it shall not be deemed to have been filed until the opposition fee has been paid (Art 
99(1) European Patent Convention) 



Printed by Jouve 7500' PARIS 



EP 0 384 769 B1 



Description 

Background of the Invention 

5 Thts invention re atos tc Afunctional compounds capable of linking metal ions, particularly technetium and rhenium, 

to biologically useful molecules 

Because of then high biological specificity certain macromolecules (e g monoclonal antibodies) have been used 
to target radioisotopes to specific in vivo sites for the purpose of imaging and/or therapy The use of the metastable 
isotope of technetium. 99rTi Tc in diagnostic nuclear medicine is well established and the beta-omitting isotopes of 
io rhenium l86 Re, l£e Re and l£9 Re can be used therapeutically A number of methods tor attaching technetium to mac- 
romolecules have been described. Some of these methods involve the reduction of disulfide groups in the macromol- 
ecule (usually an immunoglobulin) to thiols and the subsequent use of these groups to bind reduced Tc (e.g., McKenzie 
et al., International Publication #WO 87/04164; and Bremer et al.. EPO 271 806 A2) Methods of this type have several 
potential disadvantages The reduction of disulfide units can lead to protein denaturation and a subsequent loss in 
i5 biological specificity Also : the method cannot be used to label macromolecules lacking disulfide moieties 

Alternatively, 99m Tc can be linked to macromolecules via bifunctional chelates such as DTPA {D. Lanteigne and 
D.J Hnatowich, Int J Appl Radiat. Isot. , Vol 35(7) p. 617, (1984), chelating thiosemicarbazones (Y Arano et al., Int 
J Nucl Med Biol . Vol 12 p 425, (1985), and diamidedithiol ligands (A Fritzberg, European Patent Appl EP 188256 
2A). Problems associa:ed with these methods include significant nonspecific binding of technetium (binding to the 
20 protein at sites other th^n the chelating group) and slow kinetics of Tc-labelling. 

EP-A-247866 concerns radioisotope- (such as Tc or Re) labelled antibody fragments for diagnostic and/or thera- 
peutic uses. A bi-funcl onal chelating coupling agent is reacted with the antibody or fragment to form an antibody 
conjugate, which is complexcd with the radioisotope. 

EP-A-271 806A teaches that Tc-99m can be used to label organ-specific substances such as antibodies or antibody 
25 fragments, providing th at such substance is pretreated with or coupled to a complextng agent for Tc-99m 

Accordingly, it is the object of the present invention to provide new bifunctional molecules having hydrazine or 
hydrazide groups and protein reactive groups which can be used to link metal ions, such as " m Tc, to macromolecules. 

Another objec: of tne present invention is to provide a method for labelling macromolecules with metal ions in 
which binding of tne me^al at sites other than the chelating group is minimal, and in which labelling occurs at a relatively 
30 fast rate (less than one hour at room temperature) 

Summary of the Invention 

According to the invention, novel bifunctional hydrazine and hydrazide compounds : as well as conjugates thereof. 
35 are provided Methods of Libelling the conjugates with metal ions are also provided 

Broadly, the hydrazine and hydrazide compounds can be described as bifunctional aromatic hydrazines or hy- 
drazides having a prctem reactive substituent and a negative counterion A modification of this invention is aiso provided 
in which the hydrazine or hydrazide function is protected as a lower alkyl hydrazone. 

In another embodiment of the invention, conjugates are formed by reacting bifunctional hydrazine or hydrazide 
40 compounds of the invention with macromolecules such as proteins, polypeptides or glycoproteins The bifunctional 
compounds react with nucleophilic groups on the macromolecules (e.g. lysine residues) to yield conjugates containing 
free hydrazine/hydrazine groups 

In a third embodiment labelled macromolecules comprised of conjugates and metal ions are formed. 
In a fourth embodiment, a method is provided for labelling macromolecules by reacting a conjugate of the invention 
45 with a metal species 

Detailed Description of the invention 

The novel hydrazine and hydrazide compounds of the present invention are represented by one of the following 
50 formulas (I) or (II; 



55 



2 



EP 0 384 769 B1 



10 



F-E 




I 

D-N-NH 2 -HX 



(I) 



15 



20 



F-E 




X R 11 



(ID 



25 



wherein: 



30 



35 



40 



A is a carbon or nitrogen atom; 
B is a carbon or nitrogen atom: 

n is a direct bond (to the 2-. 3-, or 4-position of the ring), CH 2 , C=0 or 

S 
I 

HN-C; 

E is C-O or together with F forms a maleimidyl group; 

F is selected from the group consisting of N-oxysuccinimidyL tetrafiuorophenoiate, N-oxybenztriazole and imida- 
zolate, or 

F together with E forms a maleimidyl group; 
R is hydrogen or a lower alkyl group; 

R' and R" may bo tne same or different and are selected from hydrogen and lower alkyl; and 

X is a negative countenon 

Another embodiment of the invention includes compounds of the formula Hi: 



45 



so 



55 



F-E 




(in) 



where R, R\ R", E and F have the values given above 

Suitable groups lor R, R' and R" include, but are not limited to, the following: H, CH 3 , C 2 H 5 , and C 3 H 7 
Examples of use'ul X ions are haltdes, nitrate, trifluoroacetate, tetrafluoroborate and sulfate These examples are 

not intended to limit tne scope of suitable countenons. 

The above-described compounds are stable, isolable derivatives of molecules that contain two cross-reactive 

moieties: a hydrazine/hydrazide group and a protein reactive group such as an active ester, active amide or maleimido 

group. 

In the synthesis of these stable derivatives, an acid labile protecting group such as t-butoxycarbonyi (t-BOC) is 
removed from the hydrazine/hydrazide under anhydrous acidic condittons, leaving the protein reactive group un- 
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changed and the hycra/me/hydrazide group in an unreactive protonated form Alternatively, the hydrazine/hydrazide 
group can be protected as a lower alkyl hydrazone. 

When a bifunctiona : compound having a protonated (or hydrazone protected) hydrazme/hydrazide function is then 
combined with a macromolecule such as a protein polypeptide or glycoprotein in neutral or slightly basic media pref- 
5 erably a pH of about 7-E 5. the protein-reactive part of the compound wilt react with nucieophilic groups on the protein 
polypeptide or glycoprotein (e g , amine groups such as lysine residues) to yield a conjugate containing free hydra- 
zme/hydrazide groups in the case of hydrazone conjugates, the free hydrazine/hydrazide is formed by dialysis into 
an acidic (pH 5.6) buffer Because this type of conjugate includes a hydrazine or hydrazide, a strong metal binding 
group, it will then readily react when mixed with a suitable metal species in acidic media to yield a labelled protein, 
to polypeptide or glycoprotein 

The metal species may be, for example, a reduced Tc species formed by reacting Tc0 4 ' with a reducing agent, 
for example, stannous ion, in the presence of a chelating oxygen ligand (e.g. glucoheptonate). Examples of suitable 
reduced Tc species include Tc-glucoheptonate, Tc-gluconate, Tc-2-hydroxyisobutyrate, Tc-lactate and Tc-4,5-dthydroxy 
1 ,3-benzene disulfonate Other metals and ligands are also within the scope of the invention 
f5 A Tc labelling process can be conveniently performed in an aqueous buffer, preferably at a pH of about 4.5-6.5, 

in one hour or less. Reaction with other suitable metal species occurs in a similar manner under similar conditions. 

Radiochemical yield as determined by high performance liquid chromatography (HPLC) and thin layer chromatog- 
raphy (TLC) using Tc is > 90% Treatment of protein with nonlinkable analogs, (i.e., compounds without a protein 
reactive carbonyl group, such as 4-hydrazmobenzoic acid or 6-hydrazinopyridine-3-carboxylic acid) does not yield 
20 protein capable of significant Tc binding, thus demonstrating the high specificity of this technique. 

The technetium atoms are believed to be bound to the conjugate via a hydrazide or diazenido linkages 

Protein-linker - r\LTcL 0 



25 



or 



R 
I 

Protein-linker - NNTcL 



wherein: 

30 L is an ancillary dioxygen ligand. 

Examples of this type of linkage have been described for Mo and Re (Comprehensive Coordination Chemistry, Vol. 2, 

G. Wilkinson ed. : Pergarnon (Oxford) 1 987 ) p 1 30-1 51 and several analogous complexes of "Tc have been prepared 

by the reaction of an organohydrazme derivative and a Tc(V) oxo species. 

The above labelling scheme has been used to label polyclonal human IgG and the Fc region of human IgG The 
35 Tc-conjugates have been used to image focal sites of infection in a rat model. The labelling scheme has also been 

used to label fragment E, (see L.C. Knight et al, J. Clin. Invest., Vol. 72 1983 , p. 2007-2013 which was used to image 

thrombi in a rabbit model for deep vein thrombosis and the monoclonal antibody 5E8. 



EXAMPLES 

40 

The NMR and IR data given in the examples was obtained as follows: 



1 H NMRS spectra were recorded on an 80 MHz fBM AF-80 Spectrometer. All 1 H NMR5 results were recorded in 
DMSO-d 6 unless otherwise indicated. I r spectra were recorded on a Perkin -Elmer 598 infrared spectrometer NMR 
45 and IR spectra were consistent with assigned structure 

Compound names given in brackets below the title compounds in the various examples conform to Chemical 
Abstracts service inaex nomenclature. Reaction schemes are illustrated in the accompanying Schemes 1-8 



50 



EXAMPLE 1 

Preparation of succmimidyl 4-hydrazinobenzoate hydrochloride [2,5-pyrrolidinedione r 1 -[(4-hydrazinobenzoyl) oxy]- 
monohydrochlondel hydrochloride fSHBH) . 



4-Hydrazinooenzoic acid, 2-(t-butoxycarbonyloxyimino)-2-phenylacetonitrile (BOC-ON), dicyclohexylcarbodnmide 
55 and N-hydroxysuccinimide were purchased from Aldrich Chemicals (Milwaukee, Wl). 
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Synthesis of 4-BOC-nydrazinobenzoic acid 
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To a stirred solution of 4-hydrazmobenzoic acid (1 equivalent) and tnethylamme (3 equivalents) in dimethyiforma- 
mide (5 mg/1) was acacd dropwise a solution of BOC-ON (1 equivalent) in dirnethylformamide The reaction mixture 
was stirred at room tcmoerature for 3 hours Ten percent aqueous hydrochloric acid was added and subsequently the 
solution became cloudy The solution was extracted with ethyl acetate and the combined organic extracts were washed 
with water, dried over magnesium sulfate filtered and concentrated under reduced pressure to give a brown solid The 
solid was recrystahi/ed from chloroform to give the desired product as a pale brown solid; yield 69% 



Analysis; 
















Calculated for C 12 H 16 N 2 0 4 : 


C 


- 57.13; 


H 


-6.39; 


N - 


11 


10 


Found: 




- 57.02. 


H 


-6 13 


N - 


11 


61 



1 H NMR 8: 1 .45(s.9H),6.77(d, J ab =8.6Hz,2H), 7.85(d,J ab =e.6Hz,2H) 

Synthesis of succintmidyl 4-BOC-hydrazinobenzoate - [Hydrazinecarboxylic acid 2-f4 Tf(2.5-dioxo-1 -pyrrolidinyl) 
oxylcarbonyll phenyll-1 1-dimethylethyl ester] 



To a solution of 4-BOC-hydrazinobenzoic acid (1 equivalent) and N-hydroxysuccinimide (1 equivalent) in dioxane 
{10 ml/g of acid) was added dropwise a solution of dicyclohexylcarbodnmide {1 equivalent) in dioxane (5 ml/g). The 
reaction mixture was st.rrcc at room temperature for 16 hours. Acetic acid (0.5 ml) was then added and stirring was 
continued for 1 hour The reaction mixture was filtered to remove the urea byproduct The filtrate was concentrated 
under reduced pressure to give a brown solid which was treated with ether and the solids were isolated by filtration to 
give a pale brown solid: yield 86%. 



Analysis: 












Calculated for C 16 H 19 N 3 0 6 : 


C 


- 55 01; 


H 


- 5.48; 


N - 12.03. 


Found: 




- 55 17; 


H 


- 5.84; 


N - 11.86 



!H NMR 5; 1 .47(s,9H).2.85is 1 4H),6.85(d, J ab =8.9Hz,2H) 8.04(d, J ab =8.9Hz,2H) 
Synthesis of succinimicy! 4-hydrazinobenzoate hydrochloride 

To a solution of hydrogen chloride in dioxane (50 ml/g of ester; prepared by bubbling hydrogen chloride into dioxane 
for approximately five minutes) was added succinimidyl 4-BOC-hydrazinobenzoate (1 equivalent) The reaction mixture 
was stirred at room temperature. The reaction mixture was never homogeneous, however the color was initially pale 
brown and over 2 hours became orange. The reaction mixture was filtered and washed with ether to give a pale yellow 
solid; yield 72%: m.p 203.5 - 205°C. 



Analysis 


















Calculated for C 11 H 12 CIN 3 0 4 : 


C 


- 46.25; 


H 


-4.23, 


C1 


- 12.40; 


N 


- 14.71, 


Found: 


C 


- 46.74; 


H 


- 4.38; 


C1 


- 12.24: 


N 


- 14.26. 



1 H NMR 6: 2.87(s i 4H) ! 7.05(d,2H,J ab =8.9Hz) 7.97 (d,2H. J ab =6.9Hz) 



EXAMPLE 2 



Preparation of succinimidyl 6-hydrazinopyridine-3-carboxylate hydrochloride - [2 5 -ovrrolidinedione 1 -[ff6-hydrazino- 
3-pyridinvQ carbonyljoyl-monohydrochlondel . 

6-chloronicotinic acid, di-t-butyldicarbonate and 85% hydrazine hydrate were purchased from Aldrich Chemicals 
(Milwaukee, Wl) 

Synthesis of 6-hydrazinopyridine-3-carboxylic acid 

6-Chloromcotinic acid (S.Og) was added to 85% hydrazine hydrate (35 ml). The reaction mixture was placed in a 
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100°C oil bath for 4 hou-s The homogeneous reaction mixture was concentrated to dryness to give a white solid The 
solid was dissolved n water and on acidification to pH 5 5 with concentrated hydrochloric acid a precipitate formed 
The precipitate was isolated by filtration and the solid was washed with 95% ethanol and ether to give 6 0 g of a pale 
brown solid; yield 77% m.p 292-293°C 



Analysis: 












Calculated for C 6 H 7 N 3 0 2 , 




- 47 06 


H 


-4.61: 


N - 27 44 


Found' 


C 


- 46 83 


H 


- 4.38; 


N - 27.27 



1H NMR 5: 6.69(d J^5 8Hz. 1 H).7.84(dd,J=2.4,8.8Hz. 1 H) 8 51 (d, J=2 4Hz 1 H) 
Synthesis of 6-BQC-hvdrazinopyridine-3-carboxvlic- acid 

To a solution of 6-hydrazinopyr.dine-3-carboxyl.c acid (1 4 g; 9.8 mmo!); tnethylamine (1 .2 ml; 11.8 mmol) in dimeth- 
ylformamide (10 ml) was added di-t-butyldicarbonate (2.13 g: 9.8 mmol). The reaction mixture became homogeneous 
over 1 hour and stirnng was continued for 16 hours at room temperature The reaction mixture was concentrated to 
dryness under reduced pressure to give a brown solid The residue was dissolved in a minimum amount of ethyl acetate 
and filtered througn silica gel 60 (230-400 mesh) using ethyl acetate as eluent. The eluent was concentrated to dryness 
The product was used without further purification. 

1 H NMR 8: 1 .40(s.9H) : 6.52(d,J=8.BHz,1 H) 7.97(dd,J-2.4,8.8Hz,1 H},8.58(d,J-2.4Hz, 1 H) 

Synthesis of succrimdyl 6-BOC-hvdrazinopvridine-3-carbo xviate fHydrazmecarboxylic acids. 2-[5-[|f2 5-dioxo- 



1-pvrrolidinvnoxvlcarpooy>1-2-pyridinvlK 1 ,1 - dimethylethyl ester 



To a solution of 6-BOC-hydrazinopyridine-3-carboxylic acid (1.45 g; 5.75 mmol), N-hydroxysuccinimide (0.66 g; 
5 75 mmol) in dimethytformamide (15 ml) was added a solution of dicyclohexylcarbodnmide (1.18 g; 5.75 mmol) in 
dimethylformamide (5 ml). The reaction mixture became cloudy after 1 hour and stirring was conttnued for 16 hours 
at room temperature The reaction mixture was filtered and the filtrate was concentrated to dryness to give a brown 
solid residue The residue was dissolved in a minimum amount of ethyl acetate and filtered through silica gel 60 
(230-400 mesh) using ethyl acetate as eluant. The eluant was concentrated to dryness to give a pale yellow solid which 
was recrystallizcd from etnyl acetate/hexanes; yield 60% m.p. 169 5-172°C; 



Analysis 1 














Calculated for C 15 H 18 N 4 0 6 ; 


C 


- 51 43; 


H 


- 5.18; 


N 


- 15.99 


Found: 


C 


- 51.81; 


H 


-5.26; 


N 


- 15 60. 



1 H NMR 6: i.41(s.9H) l 2.67(s,4H)6.64(d,J=8.8Hz,1H) B.08(dd,J=2.4,8.8Hz)8.73(d.J=2.4Hz,H1 ) 
Synthesis of succmimidyl 6-hydrazinopvridine-3-carboxy late hydrochloride 

A solution of hyorogen chloride in dioxane was prepared by bubbling anhydrous hydrogen chloride into dioxane 
(20 ml) at a moderate rate for 10 min. Succmimidyl 6-BOC-hydrazinopyndine-3-carboxylate (100 mg) was dissolved 
in dioxane (2 ml) and HCl/dioxane (2 ml) was added and the reaction mixture was stirred at room temperature. After 
5 minutes the solution became cloudy and a precipitate formed. Stirring was continued for 4 hours. The cloudy reaction 
mixture was filtered to give 55 mg of a white solid; yield 67%; 



Analysis: 

Calculated for C^H^CIN^; 

Found: 



c 


- 41.87; 


H 


- 3.87, 


CI 


- 12.37; 


c 


- 41.92; 


H 


- 3.90; 


CI 


* 12.30; 



N 
N 



19.53; 
19.47. 



1 H NMR 6. 2.e8(s : 4H) ; 7.01(d,J-8.8Hz,lH)8.l9(dd,J-2.4,B.eHz,lH)8.83(d.J-2.4Hz,1H) 



55 
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EXAMPLE 3 

Proration of succm-m..^ 4.hvdraz,do.er C nh,h a ia, e hydrochloric - [Benzoic acd 4-fff? S-rtioxo-i -pvrrolid.nyl) oxy] 

carbonyll-, hydraziac mcnohydro chlondel. 

Mono-methyl tercphmaiate, oxalyl chloride, t-butyl carbazate. d.cyclohaxylcarbod..m,dG (DCC) and N-hydroxysuc- 
cmimide (NHS) were purchased from Atdrich Chemicals (Milwaukee, Wl) 

Synthesis of methyl terephthalate chloride 

To a stirred so,u„on of mono-methy, terephthalate (1 equivalent), toluene (30 ™^«^™* 5 *^ u % °Z 
was added dropw.se oxalyl chloride (2.0 equivalents). The reaction mixture was stirred a 45 C for 16 hour . The 
Toltlon was concentrated under reduced pressure to g,ve the desired product as , * > pale yeNow sotad The r«Jc wa S 
used without further pu,ficat,on; y.eld 82.0%; m.p 50-52'C. IR (thin film); 2970, 1775, 1720, 1430. 1400, 1280, 1105, 
880 cm" 1 . 

1 H NMR 8 : 3.97(s 3H),5. 1 4( s,4H) 

Synthes.s of methvl 4-BOC-hydra7idotere P hthalate - [1 4-benzene-dicarboxyl.c acd, monomethyl ester. 2-[ 
f 1 , 1 -dimethvlethoxy i ca: be nylhydrazidel 

Toa vigorously stirrad mixture of t-butyl carbazate (1 equivalent), methylene chloride (20 mUgm) and 25% sodium 
bicarbonate (2 0 eq„.v, er.s) was added dropw.se a solution of methyl terephthalate chlor.de (1 equivalent) ,n meth- 
SS' W The reaction mixture was stirred at 20°1or 1/2 hour. The phases were separated a nd the 
Iqueous phasj was exacted w,th methylene chlor.de The combined organic phases were washed ' 10% ^ 
chloric add and br.ne The organic phase dned (MgS0 4 ), filtered and concentrated to g , V e ^^g?**"*.. 
mp 197-199°. IR (KBri: 3010,1720, 1670, 1430, 1270 1220, 1130, 1100, 1030,870,750 cm 1 . 1 H NMR 5. (CDCI 3 ). 
1 49 (s,9H), 3.93IS.3H) 7.63(d, J ab =8Hz,2H),8.07(d, J ab =8Hz,2H). 

Synthesis of 4-BOC-hy:irazidoterephthalic acid 

To a solution of methyl 4-BOC-hydra2idoterephthalate (1 equivalent) in methanol (50 ml/gm) was added sodium 
hydroxide (00 eauiva ems) The reaction was stirred at room temperature for 16 hours The reaction -jxture was 
on entrated unoer red .ced pressure to remove the methanol. Water was added and the » = - Jy acd, e 
to P H 1 0 The ac.cic solution was extracted with ethyl acetate and the organic extract was dried (MgS0 4 ). filtered and 
concentrated to dryness under reduced pressure to give a white solid; yield 87.5%; m.p. 208-210 
1 H NMR 5: 141 (s.9H). 7.97 (d,J=2.4Hz,4H), 8.90(m,1H) 10 3(m.1H). 

f2.5-dioxo-1 -pyrrolidine 



Synthesis of si.rc.nimidvl 4-BOC-hvdrazidot e reohthalate fHydrazinecarboxylic acid, 2-[4- 
oxv) carbonvll benzoyll-. 1 1 -dime thvlethvl, ester] 

To a solution of 4-BOC-hydrazidoterephthalic (1 equivalent) and N-hydroxy-succinim,de (1 equivalent) in DMF (10 
ml/gm) was added aropw.se a solution of DCC (1 equivalent) in DMF (5 ml/gm). The reaction mixture was et red at 
20° to £ hours. Acetic acid (0.5 ml) was then added and stirring was continued for 1 hour. The react.on m xture was 
tittered to remove the urea byproduct. The F.ltra.e was concentrated under reduced pressure to g.ve a yellow brown 
o„ Flash vacuum chromatography (hexanes/ethyl acetate (7/3)) was used tc ' «olate the pro 

182-185'. IR (KBr) 3330 =230. 2990. 1770. 1740 1660 1530, 1500. 1370. 1280. 1200. 1150. 1070, 1000 870 790. 
1H NMR 6:(CDC! 3 ) :1 60(s.9H), 2.91(s.4H). 6.70(m,1H), 7.91 (d,J ab =3.8Hz,2H), 8.20(d.J ab =8.8Hz,2H) 



Analysis: 



Found 



'17 H 19 N 3^7 : 


C 


- 54 11 ; 


H 


- 5 07; 


N 


- 11 


13, 


c 


- 53.66; 


H 


- 5 15; 


N 


- 11 


.09. 



Synthesis of succin.midyM-hvdrazidoterephthalate h ydrochloride (SHTH) 

To a solution of hydrogen chloride in tetrahydrofuran (50 ml/gm; prepared by bubbling hydrogen chloride into 
tetrahydrof uran for approximately ten minutes) was added succimmidyl 4-BOC-hydraz,doterephtha,ate (1 equrvalent). 
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10 



15 



The reaction mixlurc was Homogeneous for 1 hour, then over 4 hours a pale white p ™*™torm e<l T he reason 
mi xture was f .Itcrca and wasned w,th ether to grve the des.red product as a pale white solid V ^ ^ 
IR(KBr) 3400.3200 280C 2600 1770, 1 730 1 690 , 1530 1490 1290 1240.1070 1000.870 730.640 610cm 
NMR 6; 2.91(s AH). .8 . n (d,J ab =8.BHz.2H), 6.25(d.J ab =8 6Hz,2H) 



Analysis 

Calculated for C 12 H 12 C1 N 3 O s : 
Found 



c 


- 45.95: 


H 


- 3 86: 


C! - 


11 30: 


c 


- 45.84: 


H 


- 3.91; 


CI - 


11.37, 



N - 13 40. 
N - 13 33 



EXAMPLE 4 

Proration of s-ma^imiriv.-P-hvdrazino P Ynriine hvdrochlor.de [1 H-p V rrole-2.5-dione 1 -(R-hydra.mo-S.pYnd.nyl)-, 
monohydrochiondel 

2-chloro-5-n lt ropvnd,ne hydrazine hydrate, di-tert-butyl dicarbonate, 10% palladium on charcoal, male.c anhy 
dride. cobalt acetate and acetic anhydride were purchased from Aldnch Chemicals (Milwaukee. Wl). 
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Synthesis of 2-hydra; , ino-5-nitropyridine 

To a stirred soiu: or c. hydrazine hydrate (30.0 equivalents), water (4 ml/gm of pyridine) and ethanol (2 mVgm of 
ovridine) was added 2-chloro-5-nitropyridine (1 equivalent). The reaction mixture was stirred at 20 for 16 hours (a 
^ hfc^reen Sl ,r, y torn,,, The precipitate was isolated by „,tra„on and the so„d was washed wrt methanol and 
then ether to give a green solid The product was used without further purification; yield 77 3%. m p. 205-207 IR 
(KBr)" 3340 3200. 2960. 1670, 1605, 1580, 1485, 1420, 1330, 1300, 1120, 980, 830, 77 crrrV 
5h NMRT4.64(brs,2HV6 76(d,J ab =8.8Hz, 1 H), 8. 1 5(dd, J=2.4,8.8Hz,1 H), 8.86(d, J ab =2.4Hz,1 H), 9.12. (m.1H). 



Analysis 








Calculated tor C 5 H 6 N 4 0 2 : 


O - oy.*: i , 


H - 3.93; 


N - 36.51, 


Found: 


C - 38.96: 


H - 3.92; 


N - 36.15. 



Synthesis of 2-fBOC hvdrazmol-5-nitropyridine 



To a stirred solution ot 2-hydrazino-5-nitropyridine (1 equivalent). DMF (15 ml/gm of pyridine) and ™thy amine 
(1 1 equivalents) was added dropwise a solution of di-tert-butyl dicarbonate (1 .0 equivalent) in DMF (4m l/gm of dicar- 
bonate) The reaction mixture was stirred at 20* for 48 hours. The reaction mixture was concentrated under reduced 
pressure to a yellow brown oil. Flash vacuum chromatography V^^^^^J^^^ 
product The product was recrystallized from ethyl acetate/hexanes: yield 63.4%; m.p. 1 35-1 37 IR (KBr). 3280, 2980, 
1710 1600. 1500 1330 1290. 1270, 1250. 1150, 1120, 1010.830,760, 650, 500 cm.,. ,„.,.„. 
1H NMR 6 141(.SH 6 50(d,J ab =e 8Hz,1H) S.26(dd,J=2 4,8.8Hz, 1 H) 8 93(d,J.b=2.4Hz H), 9 14(m,1H).9 56(m, 

1H). 



Analysis. 














Calculated for C 10 H 14 N 4 O4: 


C 


-47 24: 


H 


- 5.55; 


N 


- 22.03; 


Found' 


C 


-46 99 


H 


- 5.50; 


N 


- 21 93 



Synthesis of 2-iBOC hvdra7ino)-5-amino-pyridine 

Into a Parr hydrogenation bottle was added 2-BOC-hydraz,no-5-nitropyridine (1 equivalent), 10% palladium on 
charcoal (0.3 gm Pd,gm ol pyridine) and ethanol (100 m^gm of pyridine). The reaction was hydrogenated a 50 ps, for 
2 hours at room tcmLature on a Parr hydrogena.or The reaction mixture was filtered through a filter eel plug and 
nnsed with ethanol The yellow green solution was concentrated under reduced pressure to give a pale yellow sohd 
The product was recrystallized from ethanol; yield 81 .64%; m.p. 140-142". IR (KBr) 3360. 3200, 2980, 1650, 1635, 
1580, 1490, 1390 1360 1300, 1260, 1160, 1020, 880, 860, 830, 750, 590, 530 cm-T 

iH NMR 8 ! 1.37(s,9H)5 34(d,J ab =B.8Hz.1H), 6 S9(dd.J=2.4,B 8HZ.1 H),7. 14(m.1 H), 7 49(d,J ab =2 4Hz,1 H),8.50(m, 
1H) 
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Analysts 














Calculated for C 10 H 16 N 4 O 2 


C 


- 53.55: 


H 


- 7 19; 


N 


- 24.98; 


Found: 


C 


-53 73 


H 


- 7 21; 


N 


- 25.05 



Synthesis of 2-BQC-hydrazino-5-maieimidvlpyridine fHydrazine-carboxy lic acid. 2-f5-(2.5-dihydro-2.5-dioxo-1 H 
pyrrol-1 -yQ-2-pyncinyll -1 i -dtmethyiethyl ester] 



To a stirred solution of 2-BOC-hydrazmo-5-amtno pyridine {1 equivalent) in acetone (50 mi/gm) was added maleic 
anhydride (1.1 equivalents). The reaction mixture was stirred at 25° for 2 hours. To the reaction mixture was added 
acetic anhydride 1 1 2 ecuivalents). cobalt acetate (0.007 equivalents) and tnethylamme (0.3 equivalents) The reaction 
mixture was stirred at 60* lor 2 hours The color of the reaction began as bright yellow and ended as dark yellow The 
reaction mixture was concentrated under reduced pressure to give a yellow brown oil. Flash vacuum chromatography 
(hexanes/ethyl acetate (5/2)) was used to isolate the product. The product was recrystalltzed in ether/hexane: yield 
28.3%; m.p. 182-164° IR (KBr): 3400, 3300, 3100, 2990, 1700 1610, 1500, 1410, 1360, 1320, 1270, 1210, 1150, 
1050, 830, 750. 690 cm' 1 , 

1HNMR 5: 1.39(s.9H) t 6 5S(d, J ab =8.8Hz, 1 H), 7 1 4{s,2H)7.45(dd. J=2. 4,6.8Hz, 1 H), 7.94(d,J ab =2.4Hz.1 H),8.37(m,1 H). 



Analysis: 














Calculated for C 14 H 16 N 4 0 4 : 


C 


- 55.26; 


H 


- 5.30, 


N - 


18.41; 


Found: 


C 


- 55.14 


H 


- 5.30; 


N - 


16.33. 



Synthesis of 5-maieimidyi-2-hydrazinopyridine hydrochloride 

A solution of hydrogen chloride in dioxane was prepared by bubbling anhydrous hydrogen chloride into dioxane 
(50 ml) at a moderate rate for 10 minutes. 2-BOC-hydrazino-5-maleimidylpyridine (200 mg) was dissolved in dioxane 
(5 ml) and H YCi/dioxanc ( 1 0 ml) was added and the reaction mixture was stirred at room temperature Atter 30 minutes 
the solution became cloudy and a precipitate formed. The reaction mixture was stirred at 25° for a total of 5 hours. The 
slurry was filtered and v.asned with ether to give 50 mg of a white solid; yield 31.6%; m.p. 280-290° (decomp.; yellow 
to brown). IR (KBrV 3440 3100, 2580, 1720, 1610, 1560, 1480, 1390, 1200, 1150, 830, 690 cm" 1 . 
1 H NMR 5: 7 0(d. J ab =5 ~M?_ .. 1 H).7 1 9(s,2H), 7.63(dd,J-2.4,8 8Hz, 1 H),8. 1 5(d, J ab =2 4Hz 1 H) 
Mass spectrum rr/z - 204 (M-HC1J+. 



35 EXAMPLES 

Preparation of Succmimidyl 2-(2-propenvlhvdrazone) nicottnate [Propoanal. [5-^(2, 5 -dioxo-1 -pyrrolidinyl) oxy] 
carbonvll-2-pyridinyllhydra zone] . 



40 6-Hydrazinonicciini: acid was prepared as previously described, and propionaldehyde was purchased from Aldrich 

Chemicals (Milwaukee. Wn. 



Synthesis of Succimmicyl 2-(2-propenylhydrazone) nicotinate - 

45 To a suspension of 6-hydrazinonicotinic acid (1 equivalent) in DMF (40 ml/g) was added propionaldehyde (3 equiv- 

alents). The react.on mixture was stirred at ambient temperature for 1 hour. If the reaction mixture did not become 
homogeneous the f ask was gently heated with a heat gun until the reaction mixture became homogeneous. The 
reaction mixture was cooled to ambient temperature and a solution of N-hydroxysuccimmide (1 equivalent) in DMF 
was added Subsequently a solution of DCC (1 equivalent) in DMF was added dropwtse via a pressurenequalizmg 

50 addition funnel The reaction mixture was stirred for 16 hours at ambient temperature The precipitate which formed 
was removed by suction filtration and the mother liquors were concentrated to dryness The brown solid residue was 
suspended in ethyl acetate and stirred for 1 hour and filtered. A pale brown solid precipitated from the ethyl acetate 
solution and was isolated by filtration to give the desired product; yield 65% 

1 H NMR 5: 1.06(t.3H),2 34(m,2H),2.86(s,4H) ( 7.11(d,J ab =9.4Hz.1 H),7.54(t,1H,J=4.9Hz). 8 10(dd,J=9 44,2 33Hz,1 H), 
55 8.72(d,J=2.33Hz 1H; 
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Analysis 














Calculated for C-^H^^O^ 


C 


- 53 79 


H 


- 4.66; 


N - 


19.30; 


Found: 


C 


- 53.66 


H 


- 4 69; 


N - 


19 12. 



EXAMPLE 6 



15 



25 



30 



35 



Preparation of Succsnim-dyl 2-(2-(l -propenv1)hydrazonemhiazole -4-carboxylate [Propanal, f4-f[(2.5-dioxo-1- 



pyrrolidinyl)oxy!carbcny '-2-thiazolyi]hvdrazone- 

Thiosemicarbazide and bromolactic acid were purchased from Aldnch Chemicals (Milwaukee, Wl) 
Synthesis of Propionaloenvde Thiosemicarbazone 

To a solution of thiosemicarbazide (1 equivalent) and propionaldehyde (15 equivalents) in MeOH was added a 
few drops of glacial acetic acid. The mixture was heated to reflux for 45 minutes. The reaction mixture was concentrated 
on the rotavap which caused a precipitate to form. The solids were isolated by filtration, washed with ether and dried 
in vacuo ; yield 71% 

20 Synthesis of 2-(2-M -orcocnylhydrazone^ thiazole-5-carbo xvlic acid hvdrobromide 

To a solution of propionaldehyde thiosemicarbazone (1 equivalent in MeOH was added bromolactic acid (1 equiv- 
alent) The reaction mixture was heated at reflux for 1 hour, then cooled to room temperature and the solvent was 
removed on the rotavap The resulting yellow solid was triturated with MeOH/ether and a pale yellow solid was isolated 
and washed with ether and dried in vacuo . 
1 H NMR 5. 1.00(t,J=7 9Hz.3H),2.15(m,2H), 7.44(t t J=4.9Hz). 

Synthesis of Succimmidyl 2-(2-( 1 -propenvh hydrazoneHhiazole -5-carboxylate 

To a solution of acid ( 1 equivalent) and tnethylamine (1.5 equivalents) in DMF was added dropwise a solution of 
DCC (1 equivalent) in CMF The reaction mixture was stirred for 16 hours at room temperature. The precipitate which 
formed was removed by filtration and the mother liquors were concentrated to dryness Ethyl acetate was added to 
the residue and stored 'or 1 hour The insolubles were removed by filtration and the mother liquor was concentrated 
to dryness. The procuc; was flash chromatographed using hexanes/ethyl acetate (1/2) as eluant to give the desired 
product as an ott-wh;te solid; yield 35%. 

iH NMR 6 V0B(t.J=7.9Hz.3H),2.24(m,2H), 7 40(t.J=4 9Hz ; 1 H).8 11 (s,1 H) 



EXAMPLE 7: 

40 Preparation of succinimidyl 2-(2-methylethenvlhvdrazone) thiazole-4 -carboxylate 
Synthesis of succinirnidyl 2-f2-methvlethenylhydrazone) thiazo le-4-carboxylate 

-2-{methylethyenylhydrazone)-5-thiazolecarboxylic acid hydrobromide (1 equivalent) (prepared according to the 
45 method of H Johne. D Scifort, S Johne and E. Bulka, Pharmazie 33, 259 (1978) was dissolved in DMF (20 ml/g) N- 
hydroxysuccmimide (1 equivalent) and triethylamine (1.5 equivalents) were added To the homogeneous mixture a 
solution of DCC (1 equivalent) was added dropwise over 15 minutes. The reaction mixture was stirred for 16 hours at 
room temperature The precipitate which formed was removed by filtration and the mother liquor was concentrated to 
dryness to give an orange-brown solid The residue was suspended in ethyl acetate and stirred at room temperature 
50 for 1 hour. Insolubles were removed by filtration and the mother liquor was concentrated to give a brown solid The 
soltds were triturated with ether and reisolated by filtration to give a yellow-brown solid, yield 40% A sample of the 
product was filtered through a short plug of silica gel using hexanes/ethyl acetate (2/1) as eluate. The eluant was 
concentrated to give the desired product as a pale yellow solid; m.p. 202-205° (decomp ). 
1 H NMR 8 1 92(s 3H) 1 96(s,3H).2.86(s.4H), 8.11(S,1H) 
55 Mass spec tru it, rrVz = 297 (M+1 )+ 
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EXAMPLE 8 



TO 



15 



20 



25 



30 



35 



40 



Preparation of Sicc;nim:dyl 4-thiosemicarbazidobenzoate hemihydrochloride [Hydrazinecarbothioam i de N-f4-[[ 
f2,5<jioxo-1-pvrrolidinyi;oxvllcarbonvl|-phenvn-, hem ihvdrochloride] 

4-Aminocarbo<yhc acid was purchased from Aldrich Chemicals (Milwaukee, Wl) 

Synthesis of BOC-4-thioscmicarbazidobenzoic acid [Hydrazine-carbo xvhc acid. 2T[(4-carboxypheny1) ammo] 
thioxomethylK 1 -M . 1 -d mcthylethyl) esterl 

To a solution of 4-isotmocyanatobenzoic acid (1 equivalent) (prepared according to the method of D W Browne 
and G M Dyson J Chem.Soc. 178 (1934) and tnethylamme (1.2 equivalents) in DMF was added to a solution of 1- 
butyl carbazate (i equivalent). The reaction mixture was stirred at room temperature for 3 hours and subsequently 
concentrated to dryness The residue was dissolved in ethyl acetate and washed with 10% c.tnc acid and brine The 
organic phase was dried (MgS0 4 ) ; filtered and concentrated to give the desired product as an off-white solid; yield 
70%; m.p. 131-133° (dccomp). 1 H NMR 5; 1 42(s 1 9H),7.67(d,J ab -8.9Hz 1 2H) 1 7.87(d,J ab =8.9Hz,2H). 

Synthesis of Succ nimidvl BOC-4-thiosemicarbazidobenzoate [Hydr a zinecarboxylic acid 2-[[[4-[f(2 5-dioxo- 
1-pyrrolidinvloxyrcarbonyi phenyl1amino]thioxonnethvll-1 . 1 -dim ethvlethyl ester] 

To a solution of acid C equivalent) and N-methylmorpholine (1 .1 equivalents) in acetonitrile was added a solution 
of N-succmimidyl tetrachlcrelhyl carbonate (1 equivalent) in acetonitrile. The reaction mixture was stirred at room tem- 
perature for 16 hours Ethyl acetate was added to the reaction mixture and the homogeneous solution was washed 
with cold 5% citn: acic cold water cold aqueous saturated sodium bicarbonate solution, cold water and cold brine 
The organic phase was dr ed (MgS0 4 ), filtered and concentrated to give a pale yellow oil The oil was flash chroma- 
tographed on silica gel using hexanes/ethyl acetate as eluant. The product was isolated as a yellow oil which solidified 
on the addition of ether The solids were isolated by filtration to give the desired product; yield 25%; m.p 161-163° 
iH NMR S 1 52(s 9H),2 S5((s,4H) 7.74(d,J ab =10.0Hz,2H).B.05(d I J ab 10.0Hz,2H). 



Ana.ysis: 


















Calculated for C 17 H 2 oN 4 0 6 : 


C 


-49.99; 


H 


- 4.94; 


N 


-13.72; 


S 


- 7.85; 


Found 


C 


- 50.05; 


H 


-4 95; 


N 


- 13.64 


S 


- 7 95. 



Synthesis of Suc-nnimidyi 4-thiosemicarbazidobenzoate hemih ydrochloride 

To a suspension of BOG succinimidyl ester in ether was added a solution of dry HC1 g in ether (prepared by bubbling 
HC, gas into dry ether) 'he suspension was stirred at room temperature for 16 hours The reaction mixture was 
heterogeneous over the entire course of the reaction. The solids were isolated by filtration to give the desired hydro- 
chloride salt product; yield 60% m.p. 155-160°. 
!H NMR 8: 2.8S(s 4H) ; E 0l(s,4H). 



45 



Analysis: 


















Caiculatc-d (or C 12 H 13 N 4 S0 .0.5 HCI: 


C 


- 44.00; 


H 


- 4.15; 


N - 


17.10 


S 


- 9.79; 


Found: 


C 


- 44.56; 


H 


- 3.8B; 


N - 


17 04 


S 


- 9 74. 



EXAMPLE 9 



50 



55 



Coniuqation of lq3 

To a solution of 1 0 mg igG (MW = 155,000) in 2 ml 0 1 M sodium phosphate buffer (pH 7 8) was added 17 2 uJ of 
30 mM succinimidyl 4-hyrirazmobenzoate hydrochloride in dimethylformamide After stirring for 5 hours at room tem- 
perature, the reaction mixture was dialyzed against 0.1 M sodium acetate buffer (pH 5 2) The number of hydrazine 
groups conjugated onto the protein was measured by the method of TP King et a! (Biochemistry, 25:5774, 1986) 
Briefly, the hydrazino-protem conjugate was reacted with 4-nitrobenzaldehyde to convert the hydrazino groups into 
hydra2ones The number of hydrazones/protem molecule were determined spectrophotometry! ly using the hydrazone 
of p-nitrophenylbenzaldehyde and phenylhydrazine (^ = 412, e = 2.41x10*) as a standard. Modification yields of 
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10 



15 



20 



25-35% were obtained 
EXAMPLE 10 

Labelling of Coniugatec IcG with 99m Tc 

A DuPont T,..,u^ a n u „ was reconstituted with 3 ml of water contain.ng 1 OmCi of ^-TcCV 250 ul of this solution 
was m,xed w,th 2^7-5 mg/m, conjugated IgG in 0.1 M sod.um acetate buffer (pH 5.2) h After '"^ b ^ 
at room temperature > 95= * of the activity was associated with the protein as determined by radiometric HPLC (T5K 
3000 column) ana instant thin layer chromatography (ITLC ) 

600 uCi of Tc labelled !gG was injected into rats containing an abscess in one hind leg At 24 hours the rats were 

f radioactivity was measured; 



sacrificed. The distnbut.on c 



Organ 


% Injected dose/gram tissue 


Blood 


1,36 


Kidney 


1.11 


Infected Muscle 


0 76 


Normal Muscle 


0 12 


Liver 


0 81 


Ratio Infected/Normal muscle - 6 3 



25 



30 



35 



40 



45 



SO 



EXAMPLE 11 

Conjugation of fragment E y 

(DD)E protein was concentrated to between 5-10 mg/ml and modified with a 20-fold molar excess of succinimidyl 
6-hvdr Jinopvrid.ne-3-carboxylate hydrochloride in 12.5 mM borate buffer at pH 8.5. After a 5 hour incubation (wort 
gentle stirring) at 4° C the sample was dialyzed approximately 12 hours versus degassed nanopure water 

Fragment E was separated from the modified DD(E) complex by making the sample 0.55 M in acetic acid and 
diluting 11 V/V w,th 6 M urea The pH of the sample was adjusted to 5.5 with 10 N NaOH and the sample was then 
dialyzed against 10 mM citrate bufler (pH 5.7) to remove excess reagents. During dialysis, DD protein precipitates 
leaving modified fragment E. in solution. The DD precipitate was readily removed by centntugation 

Modified E, was laoeiied with Tc99m via reaction with Tc-99m glucoheptonate. as previously described The Tc- 
99m labelled was used to image a thrombus in a rabbit model (see D. Collen et al., J Clin. Invest. 71. P 368-376 
(1983)). 

EXAMPLE 12 

Conjugation of mnnocicnal antibody 5EB ( see E A Chen et al, Cancer Research, 49, p 3642-3649 (1989)). 

5E8 (at a concentration of 5-10 mg/ml) was modified with a 14-fold excess of succinimidyl 6-hydrazinopyr,dine- 
3-carboxylate hydrochloride in 1 2.5 mM borate buffer at pH 8.5 (5 hours at room temperature). The antibody conjugate 
was dialyzed against a 20 mM ctrate buffer (pH 5.2 100 mM in NaCI) After centnlugation to remove a small amount 
of turbidity the degree of modification (determined spectrophotometrically, as previously described) was found to be 
6.5 hydrazine groups per protein molecule. Analysis by ELISA and immunocytoadherence showed no loss in immu- 

n0re The V spec,f,c compounds and details of the method described above are exemplary and are not intended to limit 

the scope of the invention 

This invention also provides a process for the preparation of a compound of the formula: 



55 



F-E 



I 




D-N-NH 2 • HX 



(I) 
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or 



or 



—Or 

A 3 



D-N-N.C 



R" 



(ID 



F-E-_^ X. N-N-C^ 



(in) 



wherein: 



A is a carbon or nitrogen atom; 
B is a carbon or nitrogen atom, 

D is a direct bond ( ! .o the 2- 3- ; or 4-position of the ring). CH 2 , C=0 or 



li 

HN-C; 

E is a C=0 or toqether with F forms a maleimidyl group, 

F isa group readily replaced by a primary amine in neutral or basic aqueous media when E is C=0 or together with E 
form a maleimidyi group 

R is hydrogen or a owcr alkyl group; ^ 

FT and R" may be the same or different and are selected from hydrogen and lower a...y., ana 

X is a negative counterion, 

which process comprises reacting an optionally protectant reactant of formula 



HOE 




D-N-NH, . HX 



(I') 



or 



HOE ( 



R 




D-N-N-C 



R' 



(II') 



or 



HOE 




R 



N-N=C 



(III' ) 



with a chemical of formula FH and remov.ng any protected group; or where F and E together fomn a male.midyl 
group reacting an cotionaliy protected amine of formula 
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D-N-NH 2 .HX 



(I") 



or 



H.N— / 




-N-N-C 



(II") 



or 



N | .R' 

H 2 N X N-N*C( 

\ / 



(III") 



with maletc anhydride and removing any protectant group. 

A further process for preparing a conjugate, comprises reacting a macromolecule with a compound of formula I 
II or III as defined in above. 



Claims 



1. A hydrazine or hydrazide compound of the formula: 



F-E 



R 




D-N-NH.HX 



(I) 



or 



F-E 




R 



D-N-N-C 



(II) 



or 



F-E 




(III) 



wherein 
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pecies comprises a reduced Tc species or a reduced Re 



the ring) : CH 2 , C=0 or 

S 
II 

HN-C; 

group; 

Dxysuccmimidyi. tetrafluorophenolate, N-oxybenztnazole and 
midyi group, 

3 selected trom hydrogen and lower alkyi: and 

wherein D is a direct bond to the 4-position of the ring 

ed from the group consisting of halides, nitrate, tnfluoroacetate. 



c species is formed by reacting Tc0 4 with a reducing agent 

g oxygen ligand is selected from the group consisting of 
te and 4,5-dihydroxy-1 ,3-benzene disullonate. 

agent comprises stannous ion 

i\6 at least one macromolecule comprises an immunoglob- 
it least one free hydrazine or hydrazide group is selected 
enzoate hydrochloride, succinimidyl 6-hydrazmopyridine- 
hydrazone) nicotinate and succinimidyl 4-thiosemicarbazi- 



drogen or methyl, E is carbonyl, F is N-oxysuccinimidyl and X 



and B are carbon atoms or one of A and B is carbon and the 



-NH - HX 



(I) 



drogen, and either A is carbon and B is nitrogen or both A and 



ms, wherein D is C=0, CH 2 or 
S 



NH-C- 



(ID 



nonyl F is N-oxysuccinimidyl, X is CI, and D is either carbonyl 
oonyl, F is N-oxysuccinimidyl, A is carbon, B is nitrogen, R and 

/herein E is carbonyl, F is N-oxysuccinimidyl, and either R' is 

;thyl. 

e with the hydrazine or hydrazide compound of claim 1 
macromolecule comprises an immunoglobulin or a fragment 

^nd a conjugate according to claim 11 or 12 

vherein said metal ion is selected from the group consisting of 



i ions comprising the step of reacting a Tc or Re radioisotope 
macromolecule and a compound according to any one of claim 



/ 



(III) 



des Rings), CH 2 , C=0 oder 
S 



SN-C 



jppe bildet; 

Jxysuccinimidyi. Tetrafluorphenolat, N-Oxybenztnazoi und 
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R Wasserstoft odcr eme Niedrigalkylgruppe ist: 

R 1 und P" gleich odcr verschteden sem konnen und ausgewahlt smd aus Wasserstoft und Niedngalkylgruppen 
und 

X ein negatives Gcgenion ist 

2. Verbindung nach Fcrmol 1 oder II von Anspruch 1 , worm D eme direkte Bmdung zu Position 4 des Rings ist 

3. Verbindung nach Anspruch 2 worm X ausgewahlt ist aus der Gruppe bestehend aus Halogemden, Nitrat. Tnfluora- 
cetat, Tetrafiijortjor'ctt und Sulfat 

4. Verbindung nach Arspruch 2. worm R Wasserstoft oder em Methylrest ist, E em Carbonylrest ist. F em NOxysuc- 
cinim idyl rest ist und X C! ist. 

5. Verbindung nach Arspruch A, worm sowohl A als auch B Kohlenstoffatome smd oder einer der Reste A und B 
is Kohlenstoff ist und der andere Stickstoff ist. 

6. Verbindung nach Ar.spruuch 4, worin R Wasserstoft ist und entweder A Kohlenstoff ist und B Stickstoff ist oder 
sowohl A als aucn B Stickstoffatome sind 

20 7. Verbindung nach einem der vorhergehenden Anspruche, worm D C=0. CH 2 oder 

S 
II 

NH-C- 



25 



ist und an Position 4 des Rings gebunden ist. 

8. Verbindung nach Anspruch 7, worm E ein Carbonylrest ist, F ein N-Oxysuccmimidylrest ist, X CI ist und D entweder 
ein Carbonylrest oder em Thioamidrest ist. 

30 9. Verbindung nach Anspruch 2, worm E ein Carbonylrest ist, F ein N-Oxysuccmimidylrest ist, A Kohlenstoff ist, B 
Stickstoff ist. R und R ( Wasserstoffatome sind und R" ein Ethylrest ist. 

10. Verbindung der Fo -ne III nach Anspruch 1, worm E em Carbonylrest ist, F ein N-Oxysuccinimidylrest ist und 
entweder R' Wasserstoff ist und R" ein Ethylrest ist oder beide Reste R ! und R" Methyireste sind. 



35 



40 



45 



SO 
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11. Konjugat gebiidet durch die Reaktion eines Makromolekuls mit der Hydrazin- oder Hydrazidverbmdung von 
Anspruch 1 

12. Konjugat nach Anspruch 11. worin das Makromolekul ein Immunglobulm oder ein Fragment davon umfaGt. 

13. Markiertes Makromolekul umfassend ein Metaliion und em Konjugat nach Anspruch 11 oder 12. 

14. Markiertes Makromolekul nach Anspruch 13, worm das Metaliion ausgewahlt ist aus der Gruppe bestehend aus 
Tc und Re 

15. Verfahren zur Markierung von Makromolekulen mit Metallionen, umfassend die Stufe, daR man ein Molekul mit 
einem radioaktiven Isotop von Tc oder Re mit einem Konjugat umsetzt, das aus mindestens einem Makromolekul 
und einer Verbindung nach einem der Anspruche 1 bis 10 zusammengesetzt ist, unter Bedingungen, die ausrei- 
chen, um einc Markierung zu induzieren. 

16. Verfahren nach Anspruch 1 5, worin das Metailmolekul ein reduziertes Tc-Molekul oder ein reduziertes Re-Moiekui 
umfaGt. 

17. Verfahren nach Anspruch 16. worin das reduzierte Tc-Molekul gebiidet wird, indem Tc0 4 mit einem Reduktions- 
mittel in Gegenwart etnes komplexierenden Sauerstoffliganden umgesetzt wird 

1 8. Verfahren nach Anspruch 1 7 worm der komplexierende Sauerstoffligand ausgewahlt ist aus der Gruppe bestehend 
aus Glucoheptonat Gluconat, 2-Hydroxyisobutyrat, Lactat und 4,5-Di-hydroxy-1 ,3-benzoldisulfonat. 
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19. Verlahren nacft Ansprucn 17, worm das Reduktionsmittel ein Zinnion umfaftt 

20. Vertahren nacn emem aer Anspruche 15 bis 19, worm mmdestens em Makromolekul em Immunglobulm oder em 
Fragment davon umfaGt und die Verbmdung mil mmdestens emer freien Hydrazin- Oder Hydrazidgruppe ausge- 
wahlt ist aus der Gruppe bestehend aus Succmimidyl-4-hydrazinobenzoathydrochlond. Succmimidyl-6-hydrazino- 
pyrtdin-3-carDoxylatnydrochlorid, Succinimidyl-2-(2-propenylhydrazon)-nikotinat und Succmimidyl-4-thiosemicar- 
bazidobenzoathemihydrochlorid. 



10 Revendications 

1. Hydrazine ou hydrazide de formule : 



15 _.D-N-NH.HX 

F-F 



20 



25 



30 



R 




A B 

(I) 



ou 




(in 



ou 




35 S R" (III) 

formules dans lesquelles 

A represente un atome de carbone ou d'azote; 
40 B represente un atome de carbone ou d'azote; 

D est une liaison directe (sur la position 2-, 3 - ou 4- du noyau) ou represente CH 2 , C=0 ou 

S 
II 

45 HN-C; 

E represente C=0 ou, pris avec F. il forme un groupe maleimidyle; 

F est choisi dans I'ensemble consistant en un groupe N-oxysuccmimidyle, tetrafluorophenolate, N-oxybenzo- 
triazole et imidazolate, ou bien F forme avec E un groupe maleimidyle: 
R represente un atome d'hydrogene ou un groupe alkyle inferieure, 
60 R' et R" qui pcuvent etre identiques ou differents, sont choisis chacun parmi un atome d : hydrogene et un 

groupe alkyle infeneur; et 
X est un contre-ion negatif. 

2. Compose scion la formuie I ou la formule It de la revendication 1 , dans laquelle D represente une liaison directe 
55 fixee sur la position 4 du noyau. 

3. Compose selon la revendication 2, dans lequel X est choisi dans I'ensemble consistant en des groupes haloge- 
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3j est constitute par, une immunoglobulin ou un fragment d'smmunoglobulme et ledit compose com- 
-oms jr. grojpo hydrazine Sibre ou hydrazide est choisi dans ('ensemble consistant en un chlorhydrate 
.Den/oHte oc succinimidyle, un chlorhydrate de 6-hydrazinopyndme-3-carboxylate de succinimidyle. 
)enylhydra/one) ntcotmate de succinimidyle et de I'hemychlomydrate de 4-thiosemicarbazidobenzoate 
. -Jy,c 
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